INTRODUCTION
============

Hip fractures represent a major public health problem because of their substantial impact on health and healthcare costs. It is estimated that approximately 6.5 million hip fractures will occur around the world in 2050. The majority of hip fractures (80%) occur in persons aged 65 years and older.[@B1] ^,^ [@B2]

Recent demographic data confirm that industrialized countries are experiencing longer life expectancies and that the fastest-evolving population segment is people aged 90 and older. Considering that 35% of people over age 65 will suffer at least one trauma from same-level falls, it is clear why hip fracture among the elderly is the most frequent cause of hospitalization associated with severe disability.[@B3]

The traumatic pathology of hip fracture prevails in women; the main cause is osteoporosis, and the proximal femur is one of the main areas affected. In the 1970s, specialized journals indicated that 2% of women over age 85 fracture a hip each year, while the percentage for males is around 0.6%.[@B4] The risk of hip fracture among people above age 85 is 10 to 15 times higher than in the population between 60 and 65 years old. Increased life expectancy means that women are now more likely to fracture a hip than develop breast cancer.[@B5]

Over 90% of hip fractures in elderly patients result from low-energy trauma, namely same-level falls, and most of these fractures occur in the home. In comparison with other patients, the elderly are more exposed to this kind of trauma at night because they often use diuretics or medications that include benzodiazepines.[@B6] ^,^ [@B7]

The age of patients with hip fracture is known to be associated with a significant increase in postoperative complications, high immediate and long-term mortality, and poor functional prognosis. The maximum vulnerability is specific to the first 3-6 months, and death in the first 12 months must be perceived as an effect of trauma or surgical intervention. If post-fracture status involves limits on activity, this must be considered a component of long-term mortality because it favors the intensification of comorbidities.[@B8]

Our retrospective study analyzed patients older than 90 years who fractured a hip in order to evaluate if the patient survival period is influenced by operative treatment. We hypothesized that surgical treatment provided better survival rates in the nonagenarian population with hip fractures.

MATERIAL AND METHODS
====================

This retrospective study assessed all nonagenarian patients admitted to our university hospital between 1 January 2007 and 31 December 2015 according to demographic data (gender, age, background) and medical information (intra- or extracapsular fracture type, surgical or non-surgical treatment, type of surgical intervention \[internal fixation or arthroplasty\], ASA score, status at hospital discharge). We only considered those comorbidities which were described as significant to the prognosis of patients with hip fracture according to Aharonoff et al.[@B9]

We also collected data about the time between the occurrence of the fracture and the date of surgery, hospitalization period, and complications and deaths during hospitalization.

The data were obtained through the Hospital Manager Program, hospital charts, and surgical protocols.

The inclusion criteria were: single level I trauma center, age \>90 years, patients with intracapsular and extracapsular fractures (ICD-10-AM codes S72.0 and S72.1), and unintentional fall (ICD-10-AM codes W00 to W19).

The exclusion criteria were: open fracture, subtrochanteric fracture, polytrauma, pathological fracture, and patients transferred to other hospitals (3 cases, at the patient's request).

Because the program does not provide information about the date the hip fracture occurred, the hospital admission date was considered as the date the fracture occurred, since hip fracture leads to total functional incapacity and patients are normally brought to the hospital by ambulance that same day. Many authors[@B10] ^,^ [@B11] correlate the date of admission into hospital with the date of hip fracture.

After approval was obtained from the institutional review board (1/13.01.2016; no formal written approval was required, because of the retrospective design of the study), the names and social security numbers of the patients were sent to the National Population Register in order obtain mortality and survival data.

All patients included in the study were treated by the medical staff at the Orthopedic and Traumatology Clinic. Fractures were evaluated using X-rays of the pelvis or hip. The type of osteosynthesis was decided by the treating physician. A preoperative medical evaluation was conducted by the clinic's anesthesiologist to establish operative risk and improve biological status. After surgery, all patients were included in a medical rehabilitation program under the supervision of a physical therapist.

The results obtained were overlapped with the patient database, and consequently the survival period post-fracture was obtained for the patients included in the study.

Statistical analysis was performed using IBM SPSS Version 20 software (SPSS Inc, Chicago, IL, USA). We assessed the data according to the continuous or non-parametric nature of the variable using the Fischer contingency test and the unpaired Student's t test. Continuous data were expressed as mean±standard error and median. In order to evaluate survival and possible influential factors, we utilized Kaplan-Meier analysis.

RESULTS
=======

Of the 138 nonagenarian patients presenting with hip fracture, 137 were eligible for inclusion and we recruited 134. Three patients were transferred to other hospitals at the request of the patient or family. One patient with bilateral hip fracture occurring two years after the first fracture on the opposite site was excluded from the study.

The group was homogeneous by sex, age, origin, and age of disease (p\>0.05). There were more females than males, with a ratio of 1.7:1. ([Table 1](#t1){ref-type="table"})

Table 1Demographic characteristics of the study group.CharacteristicsAll patients (n=134)Male (n=49)Female (n=85)p value two-tailed probabilityAge mean±SD (y)92.53±2.5792.61±2.4492.48±2.650.779Urban area, n (%)91 (67.9%)32 (65.3%)59 (69.4%)0.766ASA score±SD3.31±1.202.92±0.933.53±1.280.004**Type of fracture**femoral neck48 (35.8%)24 (49.0%)24 (28.2%)0.026Intertrochanteric86 (64.2%)25 (51.0%)61 (71.8%)**Surgery**internal fixation62 (46.3%)22 (44.9%)40 (47.0%)0.047prothesis32 (23.9%)17 (34.7%)15 (17.6%)

There was an increasing trend in the prevalence of fractures in nonagenarian patients (y = 6.83 + 0.85 x); the prognosis for 2019 is approximately 17% prevalence. ([Figure 1](#f1){ref-type="fig"})

Figure 1Annual prevalence of fracture in the nonagenarians.

Mean patient age was 92.53 years and median age was 92 years (range 90-103 years); 85 patients (63.5%) were women and 49 patients (36.5%) were men.

Patient sex distribution according to ASA score was bimodal in women (23.5% ASA 2 and 36.5% ASA 3), while in males peak frequency occurred in ASA 3 (51%). The average ASA score was significantly higher in women, 3.53 vs 2.92. (p=0.004). ([Figure 2](#f2){ref-type="fig"})

Figure 2Distribution of ASA score according to patient sex.

In our sample, the frequency distribution for prevalence of intertrochanteric fracture (64.2%) was significantly higher in women than men, 71.8% vs 51%. (p=0.026).

In 40 (29.9%) cases, a conservative non-surgical approach was chosen because of the high ASA score, the recommendation of the anesthesiologist, or in cases where the patient refused surgical treatment. Among the patients that were treated surgically, 62 (46.3%) were treated with internal fixation and 20 (23.9%) with arthroplasty.

Arthroplasty was performed in only 34.7% of men and 17.6% of women, while internal fixation was conducted in 44.9% of the men and 47% of the women. (p=0.047). ([Table 1](#t1){ref-type="table"})

The preoperative interval varied from 0 to 15 days, with a mean of 4.34±3.33 days; no significant differences were seen for sex (p=0.521), diagnosis (p=0.487), or type of surgery (p=0.518). ([Table 2](#t2){ref-type="table"}, [Figures 3](#f3){ref-type="fig"} and [4](#f4){ref-type="fig"})

Table 2Descriptive data for preoperative interval.NMeanStd. DeviationStd. Error95% Confidence Interval for MeanMinMaxLower LimitUpper LimitTotal944.343.330.3433.665.02015**Sex**Female554.533.870.5223.485.57015Male394.082.380.3813.314.85111**Diagnosis**femoral neck fracture354.032.710.4573.104.96113Intertrochanteric fracture594.533.660.4763.575.48015**Surgery**Internal fixation534.193.740.5133.165.22015Internal fixation, 3 screws95.562.700.8993.487.63211Prothesis324.252.720.4823.275.23213

Figure 3Average values for preoperative interval.

Figure 4Correlation of survival with preoperative interval.

Hospitalization ranged from 1 to 56 days, with an average of about 13 days without significant differences according to sex (p=0.102) or diagnosis (p=0.537).

Depending on the type of surgery, patients with internal fixation were hospitalized between 2 and 56 days (15 days on average), and patients who received prosthetics were hospitalized between 5 and 27 days (14 days on average), especially women (p=0.001). ([Table 3](#t3){ref-type="table"}, [Figure 5](#f5){ref-type="fig"})

Table 3Descriptive data for days of hospitalization.NMeanStd. DeviationStd. Error95% Confidence Interval for MeanMinMaxLower LimitUpper LimitTotal13412.6810.340.89310.9114.45156**Sex**Female8513.7911.981.29911.2016.37156Male4910.766.2430.8928.9612.55227**Diagnosis**femoral neck fracture4811.946.620.95510.0213.86227Intertrochanteric fracture8613.0911.941.28710.5315.65156**Surgery**Internal fixation5315.0813.161.80811.4518.70256Internal fixation 3 screws915.447.962.6529.3321.56629Prothesis3214.725.440.96112.7616.68527None407.257.331.1604.909.60130

Figure 5Average values for days of hospitalization according to surgery.

The probability of survival in nonagenarian male patients with femoral neck fracture drops to about 60% in the first year, and 30% of men and 65% of women survive this type of fracture. ([Figure 6](#f6){ref-type="fig"})

Figure 6Survival of nonagenarian patients with femoral neck fracture.

The likelihood of survival of both genres, in the first 3 years for the patients with trochanteric fracture, is reduced to 50-60%, after that, is reduced to 20% in men and by 40% in women. ([Figure 7](#f7){ref-type="fig"})

Figure 7Survival of nonagenarian patients with trochanteric fracture.

Patients with functional treatment had the lowest probability of survival; about 60% of cases survived the first year, with the probability of survival at 2 years at approximately 30%.

Patients with internal fixation have a slightly higher probability of survival, but this drops below 40% 3 years after surgery. Patients with internal fixation using 3 screws survived almost 3 years; in patients who received arthroplasty the probability of survival decreases to about 50% in the first 2 years after surgery. ([Table 4](#t4){ref-type="table"}, [Figure 8](#f8){ref-type="fig"})

Table 4Survival according to demographic characteristics.Survival Characteristics30 days (%)90 days (%)180 days (%)1 year (%)2 year (%)≥ 3 year (%)p values Chi-squareAll patients (n=134)18.717.26.09.011.937.3Male (n=49)32.78.210.214.38.226.50.001Female (n=85)10.622.43.55.914.143.5Extracapsular (n=48)25.012.510.412.58.331.30.177Intracapsular (n=86)15.119.83.57.014.040.7Time to surgery: 1-3 days (n=48)10.414.66.38.316.743.80.204Time to surgery: \>3 days (n=46)23.919.62.26.54.343.5ASA 1-3 (n=86)19.815.18.19.38.139.50.317ASA \>3 (n=48)16.720.82.18.318.833.3Operated (n=94)17.017.04.37.410.643.60.252Nonoperated (n=40)22.517.510.012.515.022.52007-2010 (n=48)14.618.86.310.416.733.30.7492011-2015 (n=86)20.916.35.87.19.339.5

Figure 8Survival of nonagenarian patients according to surgical intervention.

DISCUSSION
==========

Although this is not the first study of its kind, our investigation provides new information on postoperative survival time, the association between preoperative interval, type of treatment, and postoperative survival.

Hip fractures are a formidable pathology in elderly patients which may be associated with significant morbidity and high mortality. Despite progress in surgical techniques and postoperative care, mortality remains high: 14-30% one year after surgery, according to recent data.[@B12] Numerous studies have tried to identify the main factors responsible for high morbidity and mortality after a hip fracture. Most authors consider advanced age to be correlated with other factors, such as patient sex, comorbidities, ASA score, time between fracture occurrence and surgical intervention, and type of fracture.

As the global population ages, an increase in the frequency of hip fractures is inevitable. Our data are in line with the rising tendency toward hip fracture in nonagenarians.[@B6] ^,^ [@B13] ^-^ [@B17]

In our study we obtained lower mortality values at one year than in the literature: 14.3-31.0% in men and 5.9-59.0% in women (p=0.001).[@B18] ^,^ [@B19] The higher mortality rate in men was consistent with other previous studies. In the study by Ooi^10^ on 84 nonagenarian patients with hip fracture treated both surgically and non-surgically, 2-year mortality was 49%, but the study suggested that surgery significantly increases the ability to move about independently. Our study did not focus on patient mobility and independence after fracture, although we believe this is an important outcome.

In our study, 2-year overall mortality was lower (11.9%) and the group with the longest survival period also was the one that received surgical treatment with internal fixation (14%, p=0.177).

The likelihood of survival for both sexes in the first 3 years for patients with trochanteric fracture is reduced to 50-60%, and after that period is reduced to 20% in men and 40% in women.

Preoperative timeframe is another parameter which influences prognostics for elderly patients with hip fracture. Delaying the surgical intervention is necessary in the context of measures which seek to correct any possible imbalances and optimize the patient's biological status. In a 2011 study, Carretta^3^ found that mortality is influenced by the preoperative period, with a rate of about 3.5% for patients operated within the first 48 hours that doubles after this period. Most current guides confirm that delaying surgical intervention leads to a rise in immediate mortality and mortality during hospitalization. In our group, the preoperative interval varied from 0 to 15 days with a mean of 4.34±3.33 days, and no significant differences were seen for sex (p=0.521), diagnosis (p=0.487) or type of surgery (p=0.518). The correlation between survival time and preoperative interval was indirect and low intensity; a short preoperative interval is associated with increased survival period in only 10.9% of nonagenarian subjects, and the results cannot be extrapolated to the general population (r= - 0.109, R2=0.0119, p=0.297).

Patient sex is another parameter that must be taken into consideration when evaluating mortality. Data published in the specialized literature confirms the predisposition of females to hip fractures. In 2008 Van de Kerkhove et al.[@B17] published a retrospective study covering a 20-year period and including 155 nonagenarian patients (83% women, 17% men). These authors concluded that extracapsular fractures are much more frequent in women (62%) and that this is associated with a high mortality rate. In our sample, 71.8% of women and 51% of men had an intertrochanteric fracture (p=0.026).

We were able to establish a correlation between type of fixation and days of hospitalization. Patients with internal fixation were hospitalized between 2 and 56 days, on average 15 days, and patients who received prosthetics stayed in the hospital between 5 and 27 days, an average of 14 days, especially women (p=0.001).

As for type of fracture, Kang et al.[@B8] indicated that extracapsular fracture of the proximal femur generates higher mortality compared to intracapsular fracture. In our study, survival at 30, 90, and 180 days and 1 year post-fracture was better in extracapsular fracture patients: 25%, 12.5%, 10.4%, and 12.5%, as opposed to 15.1%, 19.8%, 3.5%, and 7.0% in patients with intracapsular fractures.

Associated pathology influences the evolution of patients with hip fracture. An ASA score of 1-2 increases the risk of death in the first year after surgery from 0.36 to 1.33, and for patients with an ASA score of 3-4, the risk of death goes up to 2.33.^4^ Our data were not conclusive on this matter, probably because the number of comorbidities often influences the type of treatment selected (conservative or surgical).

Our data, like that of other studies,[@B15] suggest that surgical treatment remains the best option, even for nonagenarian patients. Even though mortality is high, the hospitalization period long and the functional prognosis is limited, the rate of surgical complications is acceptable.

The probability of survival in nonagenarian male patients with femoral neck fracture drops to about 60% in the first year, and 30% of men and 65% women can survive this type of fracture.

Patients receiving functional treatment had the lowest probability of survival, with about 60% of cases surviving the first year; the probability of survival at 2 years is approximately 30%.

Patients with internal fixation have a slightly higher probability of survival, although this number drops below 40% 3 years after surgery. Patients with internal fixation using 3 screws survived almost 3 years. In patients receiving arthroplasty, the probability of survival decreases to about 50% in the first 2 years after surgery.

As the global population ages, an increase in the frequency of hip fractures is inevitable. The medical system will face increasingly older patients with significant associated pathologies and a predisposition to postoperative complications. Although nonagenarian patients have numerous comorbidities, surgery utilizing internal fixation seems to be superior to a conservative approach.

The main limitations of this study are the number of patients included. To detect a statistical difference in mortality, a larger study should be conducted, probably involving several thousand patients.

CONCLUSION
==========

In conclusion, we found that mortality after hip fracture was high in nonagenarians, especially men. ASA score has a high influence in determining the type of treatment and patient survival. Although we found a low statistical significance, survival was better in patients who were surgically treated with internal fixation.
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